From a standpoint of the fundamental study of steelmaking, the free energy changes of formation of the rare earth metal nitrides in liquid iron alloys were predicted by the use of the Miedema's semi-empirical equations and some thermodynamic relations. The results estimated were discussed with some thermodynamic relationships for various nitrides, and the following results were obtained. (1) It is expected that the rare earth metals form significantly stable nitrides in liquid iron alloys. affinity for nitrogen.
When gaseous nitrogen and metal M are dissolved in liquid iron to make a dilute solution, the reactions are expressed by the eqs. (2) and (3).
(2) (3)
Combining eqs. (1), (2) and (3), the reaction of nitride formation of metal M in liquid iron alloy and its free energy change can be obtained as follows. For the transition elements which have a high melting point, the standard enthalpy change of the reaction (1) may be approximated to the heat of formation of the nitrides. Consequently, for the estimation of the free energy change for the reaction (1), it is necessary to evaluate the heat of formation of spectively by the appropriate methods.
The heat of formation of the nitrides may be calculated from the semi-empirical equations presented by Miedema et al. (2) , as is given in eqs. (6)- (10). (6) ference in the electron density at the boundary of the Wigner-Seitz cell, and P, Q and R are constants. The second term on the right hand side represents the hypothetical transformation energy from molecular to metallic (7) (8) and (9) where c denotes the atomic concentration and V represents the molar volume.
Also, an approximate expression to account for volume changes has been used as follows. (10) where a=0.07 for trivalent metals and a=0.04 for all other transition metals.
The comparison of experimental data(2)(5)(6) with calculated values by the above eqs. (6)- (10) for the heat of formation of the transition metal nitrides is shown in Fig. 2 . As is obvious from this figure, the calculated and experimental values are in good agreement with each other within 20kJ/mean mole. In a similar way, the enthalpy of formation for the rare earth metal nitrides can be calculated. The parameters reported by Miedema et al.(3) were used for this calculation and are given in Table 1 . Fig. 1 The free energy changes of formation of the nitride for some transition elements against temperature. (After Elliott et al. (4) nitrides against T give the straight lines, which are almost pararell to one another, as is indicated in Fig. 1 . Hence, the standard entropy changes of the reactions of nitride formation are almost identical. From the average value of the slopes of the lines for the nitride formation of a series of transition elements, the standard entropy change of the reaction (1) was estiwork, this value was applied to the standard entropy for the nitride formation of the rare earth metals. Thus, for the rare earth metal nitrides is obtained.
The value of the free energy change of solution of nitrogen in liquid iron, AGz, has been reported by Morita et al (1) (7) . It is considered that the disagreement may be due to the assumption of regular solution. That is to say, a binary Fe-M (transition metals) solution cannot be successfully approx- 
The calculations have been also carried out for other rare earth metal nitrides, and the results are represented in Table 3 . Table 2 The calculated values of the enthalpy of formation of rare earth metal nitrides and the enthalpy of solution of rare earth metal in iron at infinite dilution in kJ/ mean mole.
In the present work, the estimated results of the free energy change of formation of the rare earth metal nitrides in liquid iron alloys were discussed with some thermodynamic relationships for various nitrides previously reported(1).
In In this work, by the use of the Miedema's semi-empirical equations and some thermodynamic relations, the free energy changes of formation of the rare earth metal nitrides in liquid iron alloys were predicted. The results are as follows.
(1) It is expected that in liquid iron alloys rare earth metals form nitrides which are more stable than transition metal nitrides.
(2) For transition elements, the values of strong affinity for nitrogen.
